Autonomous 
Vehicles 


A Sample Landscape Report 


ČSINTRICATERESEARCH 


Introduction 


)) 


tUINrRIcCaTEREsEARCH 


4 INTRICATERESEARCH 


Overview 


Autonomous vehicles, also known as self-driving vehicles, are vehicles equipped with advanced sensors, cameras, 
artificial intelligence, and machine learning algorithms which allow the vehicle to navigate and operate without direct 
human control. These systems enable the vehicle to perceive its environment, make real-time decisions, and safely 
transport passengers or goods with minimal human intervention. 


This landscape report is focused on identifying the landscape of patents in domain of fully autonomous vehicles (SAE 
Level-4 and Level-5). The scope of this report is: 


e Worldwide patent filings 
* Priority date on or after January 1, 2010 


e Active patent applications 


The patent search resulted in 129,005 active patent application forming 75,683 patent families. 
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Autonomous Vehicle? 


An autonomous vehicle is a vehicle that uses a combination of sensors, cameras, radar and 
artificial intelligence (Al) to travel between destinations without a human operator. 


To qualify as fully autonomous, a vehicle must be able to navigate without human intervention 
to a predetermined destination over roads that have not been adapted for its use. 


Technology Standardization 


The two main technology standards supporting V2X are: (i) 802.11p developed by IEEE and (ii) cellular based V2X (C- 
V2X) developed by 3GPP. IEEE is also working on development of next generation V2X (NGV) standard IEEE 802.11bd 
which will be an improvement over IEEE 802.11p. 
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Driver 
Automation Assistance 
Zero autonomy; Vehicle is controlled 
the driver performs by the driver, but 
all driving tasks. some driving assist 
features may be 
included in the 
vehicle design. 
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Partial 
Automation 


Vehicle has combined 
automated functions, 
like acceleration and 
steering, but the driver 
must remain engaged 
with the driving task 
and monitor the 
environment at 
all times. 
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Conditional 
Automation 


Driver is a necessity, 
but is not required 
to monitor the 
environment. 
The driver must be 
ready to take control 
of the vehicle at all 
times with notice. 
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High 
Automation 


The vehicle is capable 
of performing all 
driving functions 

under certain 
conditions. The driver 
may have the option 
to control the vehicle. 
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Full Automation == 
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Full 
Automation 


The vehicle is capable 
of performing all 
driving functions 

under all conditions. 
The driver may 
have the option to 
control the vehicle. 
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Market Forecast 


Advanced driver-assistance systems (ADAS) and autonomous-driving (AD) revenues, $ billion 


B Level 4 (high driving automation) 
B Level 3 (conditional driving automation) 
B Level? (partial driving automation) 
E Level 1 (driver assistance) -300-400 
-150-225 
-15-25 
-40-55 
2022 2025 2030 5-10 -5-10 2035 


= According to a report by McKinsey, autonomous driving is expected to create USD300 billion in revenue by 2035 of which USD 
170-200 billion could be generated by SAE Level 4 driving technology. 


It is expected that between 2030 and 2035, the market of Level 1 and Level 2 vehicles would shrink. 


Source 
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Hardware Component Market 


Autonomous-driving hardware value pools,' $ billion 


@ Domain control unit/electric control unit 
@ Camera 

© Lidar 

@ Radar 

@ Sensors safety 


2021 2025 2030 


= According to the report by McKinsey, electronic control units (ECUs) are expected to generate most of the revenue of the 
autonomous driving passenger car component (hardware) market. 


Source 
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How is the technology progressing? 
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= After 2009, several automobile manufacturers (e.g. Toyota, Ford, Hyundai, Honda, Volkswagen, GM) began testing autonomous driving 
features in their vehicles. This is the primary reason behind rise in innovation activity in the last decade. 


= [here was a sharp rise in patent filings after 2014. The growth in innovation activity experienced a decline in 2020-2021, possibly due to a 
plateauing trend in innovation, which was further exacerbated by the COVID-19 pandemic. 


Chart is based on sample data till 16th January, 2025 
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Where has the patent protection been sought? 


Top 5 Jurisdictions 
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The count in the bracket shows the 
number of patent applications filed 
in the corresponding jurisdiction. 
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l ) The top countries, where companies seek patent protection, give an 
E KR (210,400) indication of the geographies where the technology has major market scope. 


= |n China, Toyota is the top patent filers followed by Baidu and Ford Motor. 


= Asper an estimate by Mckinsey, in China, autonomous vehicles will help generate market revenue of $1.1 trillion from mobility services and $0.9 trillion 
from vehicle sales by 2040. (Source) 


Chart is based on sample data till 16th January, 2025 
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Who are top patent owners? 
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Patent Owner 


= Hyundai Motor Group includes Kia Motors. Porsche SE includes Volkswagen. 


Toyota, the top patent filer, is actively investing in its autonomous vehicle research efforts. In 2015, Toyota established “Toyota Research 
Institute’ focusing on Autonomous Vehicles and Robotics with vision to invest $1 billion in 5 years (Source) 


European carmakers Porsche and BMW have the lowest average family size amongst the top 10 innovators. 


Chart is based on sample data till 16th January, 2025 


Where are the top patent owners filing their patent applications? 
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Top Patent Owners 


The major focus of US-based OEMs, Ford and GM, appears to be on US, Germany, and China. Since US based automakers have 
traditionally not been very successful in Japanese and Korean market, they are not filing actively in these countries. 


It seems Hyundai is not facing any competition in Korea as none of the other top car makers are filing actively in Korea. 


Chart is based on sample data till 16th January, 2025 


Top Newcomers in the Market 


Following criteria was used for selecting 
patent owners as top newcomer: 


o The patent owner owns at least 100 patent 
families in the autonomous vehicle domain 


o At least 5096 of the patent families owned 
by the patent owner were filed 2023 
onwards. 


FAW Group has been very active in the 
autonomous vehicle space in recent past. 
Collaboration with DJI Automotive (link), 
Mobileye (link), and Huawei (link) are some 
examples of FAW Groupss interest. 


Tusimple is autonomous-driving truck startup 
which raised more than USD 1.35 billion in its 
IPO in 2021 (link). In December 2024, 
Tusimple rebranded itself as CreateAl with a 
focus on animation & video gaming industry. 


CHERY AUTOMOBILE 


BEIJING INSTITUTEE OF 
TECHNOLOGY 


TONGJI UNIV 


TUSIMPLE INC 


FAW GROUP 


< INTRICATERESEARCH 


Newcomers in Industry 


= Total Patent Families 
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Chart is based on sample data till 16th January, 2025 
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